Neuroimaging has shown promise as a tool to predict likelihood of treatment response in adult anxiety disorders, with potential implications for clinical decision-making. Despite the relatively high prevalence and emergence of anxiety disorders in youth, very little work has evaluated neural predictors of response to treatment. The goal of the current study was to examine brain function during emotional face processing as a predictor of response to treatment in children and adolescents (age 7-19 years; N = 41) with generalized, social, and/ or separation anxiety disorder. Prior to beginning treatment with the selective serotonin reuptake inhibitor (SSRI) sertraline or cognitive behavior therapy (CBT), participants completed an emotional faces matching task during functional magnetic resonance imaging (fMRI). Whole brain responses to threatening (ie, angry and fearful) and happy faces were examined as predictors of change in anxiety severity following treatment. Greater activation in inferior and superior frontal gyri, including dorsolateral prefrontal cortex and ventrolateral prefrontal cortex, as well as precentral/postcentral gyri during processing of threatening faces predicted greater response to CBT and SSRI treatment. For processing of happy faces, activation in postcentral gyrus was a significant predictor of treatment response. Post-hoc analyses indicated that effects were not significantly moderated by type of treatment. Findings suggest that greater activation in prefrontal regions involved in appraising and regulating responses to social signals of threat predict better response to SSRI and CBT treatment in anxious youth and that neuroimaging may be a useful tool for predicting how youth will respond to treatment.
INTRODUCTION
Anxiety disorders are among the most prevalent psychiatric disorders in children and adolescents and predict great burden into adulthood (Copeland et al, 2014; Merikangas et al, 2010; Weems and Silverman, 2013; Woodward and Fergusson, 2001) . Separation, social, and generalized anxiety disorder (GAD) are particularly common among youth, with relatively early ages of onset and high rates of co-occurence with each other (Mohatt et al, 2014; Verduin and Kendall, 2003) . Although both pharmacological (ie, selective serotonin reuptake inhibitors (SSRIs)) and cognitive behavioral therapy (CBT) are effective in treating pediatric anxiety disorders, approximately 40-45% of youth fail to show significant improvement in symptoms (Mohatt et al, 2014; Walkup et al, 2008) , raising the need to identify predictors of treatment response.
There is growing evidence that brain function as measured by neuroimaging can predict treatment response better than behavioral or clinical measures Whitfield-Gabrieli et al, 2015) . For example, anterior cingulate cortex (ACC) reactivity measured by functional magnetic resonance imaging (fMRI) has been shown to predict responses to pharmacological and psychotherapy treatment in depression (Ball et al, 2014a; Fu et al, 2013) . In contrast, the existing literature on predictors of response to treatment in anxiety disorders is much smaller (Ball et al, 2014a) .
The neurocircuity underlying threat processing may be particularly relevant to treatment response in anxiety. Consistent with this, activation in the amydala, involved in signaling the presence of threat, has been shown to predict response to treatment in anxiety (McClure et al, 2007a; Whalen et al, 2008) ; however, results have been inconsistent. Less amygdala reactivity in adults with GAD predicted better response to venlafaxine (Whalen et al, 2008 ), yet greater amygdala activation predicted better response to CBT or fluoxetine in anxious youth (McClure et al, 2007a) , and other studies have failed to find amygdala effects (Doehrmann et al, 2013; Klumpp et al, 2013; Nitschke et al, 2009) . Other work has indicated that greater activation to threatening faces in visual processing regions (ie, occipital and temporal gyri) involved in detecting and appraising emotional cues predicted better response to CBT among adults with social anxiety disorder (Doehrmann et al, 2013; Klumpp et al, 2013) , possibly indicating greater initial threat reactivity which can be modified by treatment.
Brain regions involved in appraising and regulating emotion, including ACC and lateral and medial prefrontal cortex (PFC; Frank et al, 2014; Kober et al, 2008; Kohn et al, 2014; Phillips et al, 2003) , may also predict treatment response in anxiety. For example, greater ACC activation during threat processing predicted better response to medication and CBT for adults with GAD (Nitschke et al, 2009; Whalen et al, 2008) and social anxiety disorder (Klumpp et al, 2013) . Greater dorsolateral PFC (dlPFC) activation during emotion regulation predicted response to treatment in adults with GAD or panic disorder (Ball et al, 2014b) , and dlPFC and ventrolateral PFC (vlPFC) activation to threat predicted CBT response in socially anxious adults (Doehrmann et al, 2013) .
Only one previous fMRI study has examined predictors of treatment response in anxious youth, with analyses limited to amygdala activation to threat (McClure et al, 2007a) . Given the relatively high prevalence of anxiety disorders in children and adolescents (Costello et al, 2005; Merikangas et al, 2010) and evidence that the neural circuitry involved in emotional processing develops into young adulthood (Monk, 2008) , evaluating neural predictors of treatment response among youth is essential. In addition, it remains unclear the extent to which patterns of brain activation predict general response to treatment or may be useful for selecting treatments with the highest likelihood of success.
The current study examined brain activation to emotional faces as predictors of response to treatment in anxious youth (N = 41). This two-site study was modeled after the Child/Adolescent Anxiety Multimodal Study (Compton et al, 2010) in that it included youth across a large span of development (7-19 years) with primary diagnoses of GAD, social anxiety disorder, or separation anxiety disorder, three of the most common anxiety disorders in youth (Compton et al, 2010; Mohatt et al, 2014) , treated with either sertraline (ie, SSRI) or psychotherapy (ie, CBT). Prior to beginning treatment, participants completed an fMRI emotional faces task in which brain responses to angry, fearful, and happy faces were measured. Given the limited existing work on predictors of treatment response in anxious youth, analyses examined whole-brain activation to emotional faces to identify predictors of change in anxiety severity following treatment. As previous fMRI work in anxious adults has indicated that brain activation during threat processing predicts response to treatment (eg, Ball et al, 2014b; Doehrmann et al, 2013; Klumpp et al, 2013) , our primary analyses focused on responses to threatening (ie, angry and fearful) faces, with secondary analyses examining response to happy faces. To maximize power, our primary analyses examined predictors across treatment types, and additional post-hoc analyses examined whether effects were moderated by treatment or clinical characteristics.
MATERIALS AND METHODS

Participants
Participants were part of a pediatric anxiety treatment study at the University of Michigan (UM) and University of Illinois at Chicago (UIC). Treatment-seeking youth between the ages of 7 and 19 years with primary diagnoses of GAD, social anxiety disorder, or separation anxiety disorder were eligible to participate. Diagnoses were obtained through the Schedule of Affective Disorders and Schizophrenia for School-Age Children (Kaufman et al, 1997) clinical interview administered by Master's or Doctoral level clinicians (see Kujawa et al, 2015 for more details). History of bipolar disorder, schizophrenia, intellectual disability, pervasive development disorders, current substance use disorders, severe depression, or suicidal ideation was exclusionary. Participants with secondary comorbid anxiety, depressive, or externalizing disorders were included in the study (see Participant Characteristics). Participants were not taking psychotropic medications or in psychotherapy for at least 4 weeks prior to the initial assessment.
A total of 53 anxious youth completed the fMRI emotional faces task, followed by a minimum of 10 weeks of pharmacotherapy or psychotherapy. Data from 11 participants were excluded for movement during the fMRI (43 mm) and 1 participant was excluded for low accuracy on the task (o20%), leaving a total sample of 41 youth with pretreatment fMRI and clinical measures and posttreatment clinical measures. The included sample was 63.4% female; and 78.0% Caucasian, 4.9% African American, 4.9% Asian, 2.4% Pacific Islander, and 9.8% multiracial, with 19.5% identifying as Hispanic/Latino.
Procedure
Procedures were approved by the Institutional Review Boards at both UM and UIC. Participants completed the clinical interview and pretreatment symptom measures, followed by the fMRI scan. At UM, participants were offered and self-selected treatment with SSRI or CBT. At UIC, participants were initially randomly assigned to receive either an SSRI or CBT but could opt to switch from SSRI to CBT owing to intolerable side effects. SSRI treatment consisted of 12 weeks of sertraline prescribed by a child psychiatrist during medication management sessions, beginning with a dose of 25 mg/day and in a flexible-dosing design increasing on subsequent visits up to 200 mg/day based on tolerability and treatment response. CBT was delivered through weekly 60-min sessions (up to a maximum of 18 sessions, as clinically indicated) by a Master's or Doctoral level clinician. Treatment followed an established manualized CBT intervention for pediatric anxiety: the Coping Cat for younger children and C.A.T. Project for adolescents (Kendall and Hedtke, 2006; Kendall et al, 2002) , which include psychoeducation, cognitive restructuring, and in vivo exposures. Participants who completed at least 10 sessions of SSRI or CBT and posttreatment symptom measures were included in the current study. Posttreatment symptom measures were completed at the last treatment session (on average, 18.99; SD = 5.49 weeks after the initial screening visit).
Measures
Emotional face processing task. Participants performed a modified version of the emotional face processing task by Hariri et al (2002) . The task was completed across two runs and consisted of 18 face blocks (6 each for fearful, angry, and happy faces) interspersed with 18 shape-matching blocks. Each block lasted 20 s, containing 4 matching trials (5 s each). During face-matching blocks, participants viewed three faces and were instructed to match the emotion of the target face on the top with one of the two faces at the bottom. The target (top) and matching probe (bottom) displayed angry, fearful, or happy expressions; the foil face (bottom) displayed a neutral expression. Three blocks of each expression (ie, angry, fearful, and happy) were included. During shape-matching blocks, participants were instructed to match a trio of simple shapes (ie, circles, rectangles, and triangles).
fMRI data acquisition and processing. MRI data were collected on 3 Tesla GE scanners with eight-channel head coils at both sites. At UM, functional data were collected with a gradient-echo reverse spiral acquisition with the following parameters: repetition time (TR) = 2 s, echo time (TE) = 30 ms, flip angle = 90°, field of view (FOV) = 22 × 22 cm, acquisition matrix 64 × 64, 3-mm slice thickness, 43 axial slices, 180 volumes per run. At UIC, functional data were acquired using gradient-echo echo-planar imaging (EPI) sequence with the following parameters: TR = 2 s, TE = minFull (~25 ms), flip angle = 90°, FOV = 22 × 22 cm, acquisition matrix 64 × 64, 3-mm slice thickness, 44 axial slices, 180 volumes per run.
Functional images were preprocessed in SPM8 (Wellcome Trust Centre for Neuroimaging, http://www.fil.ion.ucl.ac.uk/ spm/) for slice timing correction, image normalization, resampling at a 2 × 2 × 2 mm 3 voxel size, and 8-mm Gaussian smoothing kernel. First-level within-subject analysis was performed with a general linear model with four regressors of interest: angry, fearful, and happy face and shape matching. Additional nuisance regressors for six motion parameters were included to correct for motion artifacts. For each participant, contrast images of brain activity were generated for second-level analysis. As processing of both angry and fearful faces has been shown to predict treatment response (Doehrmann et al, 2013; McClure et al, 2007a) , we collapsed across these face types to evaluate activation to threatening (ie, angry/fearful) faces vs shapes and activation to non-threatening (ie, happy) faces vs shapes.
Response to treatment. To assess severity of anxiety symptoms pretreatment and posttreatment, participants were administered the Pediatric Anxiety Rating Scale (Research Units of Pediatric Psychopharmacology Anxiety Study Group, 2002) . PARS was completed at the initial screening visit (ie, pretreatment anxiety severity) and at the final treatment session (ie, posttreatment anxiety severity). To evaluate comorbid depressive symptoms, participants completed the Children's Depression Inventory (CDI; Kovacs, 1992) pretreatment and posttreatment. The majority of the current sample (85.4%) was ⩽ 17 years, and in order to avoid confounding age effects with a different measure, we administered the CDI to all participants.
Data Analysis
To maximize power, whole-brain analyses of predictors of treatment response combined participants from both the SSRI and CBT groups. One-sample t-tests with change in PARS scores as a covariate of interest were performed in SPM8. The primary model focused on associations between treatment response and brain activation to threatening (ie, angry/fearful) faces vs shapes, with secondary analyses examining activation to positive (ie, happy) faces vs shapes. To control for demographic and methodological variables, site/scanner (UM or UIC), treatment (SSRI or CBT), age, and pretreatment PARS were included as covariates in second-level analyses. To correct for multiple comparisons, joint height and extent thresholds were determined within a whole-brain mask excluding cerebellum owing to limited coverage (created with MARINA; Walter et al, 2003) via Monte Carlo simulations (10 000 iterations) and applied to second-level statistical results for a corrected po0.05 (AlphaSim, AFNI; Cox, 1996) . Minimum cluster size for significant effects was 99 voxels for threatening faces and 93 voxels for happy faces at uncorrected po0.001. To interpret significant effects and for additional post-hoc analyses, activation (beta weights) from a 5-mm sphere around the peak voxel was extracted from individual activity maps using MarsBar (Brett et al, 2002) . Exploratory multiple regression analyses were computed to examine treatment variables (ie, site, type of treatment, number of sessions) and clinical variables (ie, primary diagnosis) as moderators of associations between pretreatment brain activation and treatment response.
RESULTS
Participant Characteristics
With regard to clinical disorders, 70.7% of the sample had current diagnoses of GAD, 58.5% social anxiety disorder, and 17.1% separation anxiety disorder. In addition, 7.3% had comorbid panic disorder, 9.8% OCD, 24.4% specific phobia, 2.4% PTSD, 2.4% depression, and 12.2% ADHD. At screening, average PARS scores were in the moderate anxiety severity range for the majority of the sample (53.7%), with 29.3% in the mild range and 17.1% in the severe range. With regard to past treatment, 41.5% of the sample reported receiving some type of psychiatric treatment in the past.
Anxiety severity (ie, PARS) decreased following treatment, t(40) = 10.92, po0.001, mean difference = 11.88, as did depressive symptomatology (ie, CDI), t(40) = 7.22, po0.001, mean difference = 8.61. With regard to treatment response, 75.6% of the sample responded to treatment and 58.5% showed evidence of remission, as indicated by at least a 35 and 50% decrease in PARS, respectively (Caporino et al, 2013) . History of psychiatric treatment, number of sessions, and weeks between screening and posttreatment measures were not significantly related to anxiety severity change (ps40.17).
Participant characteristics by treatment group and study site are presented in Table 1 . The CBT and SSRI groups did not significantly differ on PARS, CDI, age, or distribution of sex, race, or primary diagnosis (ps40.07), though, as expected, the CBT group completed more sessions than the SSRI group, t(39) = − 8.20, po0.001. Study sites did not significantly differ on treatment modality (UM: n = 8 CBT, n = 12 SSRI; UIC: n = 9 CBT, n = 12 SSRI), PARS, CDI, age, number of sessions, or primary diagnoses (ps40.11). Compared with the sample recruited at UM, the UIC sample included a greater proportion of participants who were Hispanic/Latino, χ 2 (1) = 9.47, po0.001, and greater proportion of males, χ 2 (1) = 7.84, po0.01.
Behavioral Performance
Behavioral data was lost for one participant owing to a technical error. Participants showed high accuracy on the task overall (M = 93.4%, SD = 3.54). Accuracy was higher for happy (M = 98.8%; SD = 2.70) compared with threatening face (M = 91.20%; SD = 6.14) and shape matching (M = 92.50%; SD = 2.81), t(39) = 8.39, po0.001 and t(39) = 9.97, po0.001, respectively. Accuracy for shapes did not significantly differ from threatening faces (p = 0.20). Lower accuracy on shapes' trials was driven by nonresponses, particularly when shapes were similar to those in the preceding trial, rather than incorrect responses.
Reaction time (RT) was shorter for shapes (M = 1331.26; SD = 220.38) compared with threatening (M = 1872.64; SD = 447.17) and happy faces (M = 1603.74 SD = 431.05), t(39) = − 11.17, po0.001 and t(39) = − 6.50, po0.001, respectively. RT was also shorter for happy compared with threatening faces, t(39) = − 7.62, po0.001.
Partial correlations were computed to evaluate whether RT or accuracy on threatening or happy face trials significantly predicted change in anxiety severity, controlling for age, site, treatment type, and pretreatment PARS. None of the correlations reached significance (ps40.10).
fMRI Predictors of Treatment Response
Results of models examining associations between activation to threatening and happy faces and change in anxiety severity pretreatment to posttreatment are presented in Table 2 . Greater activation in inferior and superior frontal gyri, including dlPFC and vlPFC, and precentral/ postcentral gyri to threatening faces predicted better response to treatment (Figure 1) . One participant was a significant outlier on extracted values for vlPFC and Predictors of treatment response in anxious youth A Kujawa et al precentral/postcentral gyri activation to threatening faces according to Grubb's Test (Grubbs, 1969) . Both vlPFC, r(34) = 0.43, po0.01, and postcentral gyrus, r(34) = 0.56, po0.001, continued to predict greater change in anxiety severity with this participant excluded (controlling for site, treatment type, age, and pretreatment PARS). Greater activation in postcentral gyrus during processing of happy faces predicted greater change in symptoms (Figure 2) . No regions were negatively associated with change in symptoms (ie, reduced activation predicting greater treatment response) for threatening or happy faces. Exploratory analyses were computed to examine moderators. To limit the number of post-hoc analyses, we focused on dlPFC and vlPFC activation to threatening faces, regions Abbreviations: MNI, Montreal Neurological Institute; PFC, prefrontal cortex. All clusters are significantly and positively related to change in anxiety severity (corrected po0.05). Figure 1 Regions of brain activation during processing of threatening faces that predicted greater change in anxiety severity pretreatment to posttreatment; dlPFC, dorsolateral prefrontal cortex; vlPFC, ventrolateral prefrontal cortex; SFG, superior frontal gyrus.
linked to emotion regulation and treatment response in adult anxiety (Ball et al, 2014b; Doehrmann et al, 2013; Kohn et al, 2014) . Hierarchical multiple regression analyses were computed predicting change in PARS with age, pretreatment PARS, study site, treatment, number of session, and dlPFC or vlPFC activation in Step 1, followed by dlPFC or vlPFC interactions with site, treatment, and number of sessions in
Step 2. No interactions reached significance (ps40.13). Next the models were analyzed including dummy variables for primary diagnoses of social anxiety disorder and GAD in
Step 1 (only three participants had primary separation anxiety disorder diagnoses) and interactions between primary diagnoses and dlPFC or vlPFC activation in Step 2. The main effects of diagnoses (ps40.56) and interactions (ps40.41) were not significant. We also evaluated whether dlPFC or vlPFC activation was moderated by age or sex, and none of the interactions were significant (ps40.17).
DISCUSSION
The current study evaluated brain activation during face processing as a predictor of response to SSRI treatment and CBT in anxious youth. Greater activation in inferior and superior frontal gyri, including vlPFC and dlPFC, and precentral/postcentral gyri during processing of threatening faces predicted better treatment response, as did greater activation in postcentral gyrus during processing of happy faces. We did not find evidence that effects of vlPFC or dlPFC activation on symptom severity were moderated by type of treatment or primary diagnosis, suggesting similar effects across SSRI and CBT, as well as diagnoses of GAD and social anxiety disorder. Superior and inferior frontal gyri, including vlPFC and dlPFC, are associated with cognitive control and emotional appraisal and regulation (Frank et al, 2014; Gyurak et al, 2011; Kohn et al, 2014; Ochsner and Gross, 2005) . Ventral lPFC is thought to signal stimulus salience and need for regulation, while dorsal lPFC implements cognitive control and directs attention in order to modulate emotional responses (Kohn et al, 2014) . Youth who demonstrate greater activation in vlPFC and dlPFC prior to treatment may be more effective in regulation of responses to threatening stimuli and thus able to achieve greater therapeutic gains. In support, greater vlPFC activation has been observed in anxious youth compared with healthy controls during fear processing (McClure et al, 2007b) , with some evidence that vlPFC activation is negatively related to anxiety severity (Monk et al, 2006) and increases following treatment for anxiety (Maslowsky et al, 2010) , possibly reflecting improvements in emotion regulation. Another possibility, however, is that youth with greater vlPFC and dlPFC activation prior to treatment require increased effort to regulate emotions, which may become more automatic following treatment and contribute to greater improvement in symptoms. Future studies that examine how brain activation changes pretreatment to posttreatment are needed to address these questions. It should also be noted that lateral PFC is involved in a range of executive functions (Tanji and Hoshi, 2008) , and dlPFC is essential for manipulating information in working memory (Barbey et al, 2013) . Thus it is possible that greater lateral PFC activation in the current study corresponds with greater attentional control or ability to maintain the goal of face matching in the presence of threat.
We also found that activation in precentral/postcentral gyri in response to threatening faces and postcentral gyrus activation to happy faces predicted response to treatment. Precentral and postcentral gyri are involved in somatosensory processing and voluntary movement and have also been shown to activate during emotion regulation (Buhle et al, 2014; Goldin et al, 2008; Kohn et al, 2014) . Though these regions have previously been related to treatment response in anxious adults (Klumpp et al, 2013; Phan et al, 2013) , very 
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A Kujawa et al little work has examined their precise roles in emotion, and future research is needed in this area in order to better understand how these regions relate to treatment gains. It should be noted that though we did not find evidence that PFC activation to happy faces predicted treatment response, the task included more threatening than happy trials; thus we cannot rule out the possibility that task design limited power to detect effects in other regions in response to happy faces, and future research is needed to evaluate neural processing of positive stimuli as a predictor of treatment response in both adult and pediatric anxiety. Taken together, the current results indicate that greater activation in a broad neural network involved in signaling salience, appraising and regulating emotions predicts better response to treatment among anxious youth. Although anxious youths exhibit heightened amygdala reactivity to threat (Killgore and Yurgelun-Todd, 2005; McClure et al, 2007b; Thomas et al, 2001) , and one previous study demonstrated that greater amygdala predicted better treatment response in a small sample of anxious youth (McClure et al, 2007a), we did not find evidence that amygdala activation predicted treatment response. Prior studies using data-driven approaches have also failed to find amygdala activation as a significant predictor of response to treatment (Ball et al, 2014a) , suggesting that pathophysiology, as reflected by abnormal patterns of brain reactivity, may not necessarily serve as predictors of treatment response.
The majority of the current sample (75.6%) showed a ⩾ 35% reduction in PARS severity, which has been associated with treatment response (Caporino et al, 2013 ). This rate is higher than response rates observed in large randomized controlled trials of CBT and SSRI in anxious youth (Walkup et al, 2008) , likely because the current study focused only on youth who completed treatment and posttreatment clinical measures. Though this design allowed us to examine predictors of response to comparable doses of treatment, additional research is needed to evaluate whether neural measures may be useful in predicting whether individuals will remain engaged in treatment and may be more likely to tolerate one type of treatment over another.
These findings should be interpreted in the context of several limitations. First, though this is the largest study of fMRI predictors of treatment response in anxious youth, our sample size is relatively small when divided by type of treatment (ie, CBT or SSRI). There may be insufficient power to detect interactions with treatment modality, particularly at the whole-brain level. Second, although post-hoc analyses did not reveal that age was a significant moderator, our sample spans a large portion of development and may be underpowered to detect age-related interactions. Second, the sample is heterogeneous with regard to primary diagnoses and only a few participants had primary diagnoses of separation anxiety disorder, though primary diagnoses of social anxiety and GAD did not moderate effects, and the three disorders often co-occur and overlap in symptoms (Mohatt et al, 2014) . Finally, although our analysis did not reveal a significant effect of site/scanner as a moderator, the sample was collected and combined from two sites to maximize sample size. Variation based on site due to nonspecific factors, including how treatments were assigned (eg, patient preference vs random assignment), could have contributed to the findings. In addition, though there is some evidence that PFC activation during emotional face processing demonstrates adequate test-retest reliability across development (van den Bulk et al, 2013) , reliability of activation in other regions, including amygdala, may be weaker (van den Bulk et al, 2013; Plichta et al, 2012) . For fMRI measures to be useful in clinical settings, future research is needed to evaluate psychometric properties, including test-retest reliability, in clinical populations.
In conclusion, the current findings suggest that greater reactivity to social signals of threat in brain regions involved in emotion regulation, including dlPFC and vlPFC, predicts better response to treatment in anxious youth. These results provide insight into which children and adolescents are most likely to benefit from treatment, as well as neural processes that contribute to responses to treatment.
